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Twenty Years of Rotation and 
Manuring Experiments at Logan, Utah 1 
George Stewart2 and D. W. Pittman3 
It was the task of the pioneers to "subdue" the land. To them, this meant 
removing the brush, opening the ditches, and reducing the coarse sod to a 
fine mellow seedbed. They performed their task. Then for one to three 
generations the sons, grandsons, and the great grandsons of the pioneers 
made the land feed them. The idea of "subduing" the land was so firmly 
established in the West, that few realized the soil was being depleted in 
a manner somewhat similar to a bank account always drawn on but never 
replenished. Highly productive land is able to stand such a drain for some 
time, while less productive land is depleted sooner. Whether the land is of 
high, of medium, or of low productivity, it is only a matter of time until it 
ceases to yield profitable crops unless precautions are taken to maintain 
its productivity. 
Two of the most effective means of maintaining, or restoring, the pro-
ductivity of the land are an intelligent cropping system and the use of 
manures and fertilizers. Commercial fertilizers are already beginning to 
have their place on many of our soils and will have a more important place 
as years go by. Commercial fertilizers are most profitable, however, as 
part of a scheme in which crop rotation and farm manure are first made to 
do as much as possible in the way of supplying organic matter, making 
mineral nutrients available, and maintaining a favorable nitrogen balance. 
It is with the effects of crop rotations and farm manuring that this publi-
cation deals. 
CONDITIONS OF THE EXPERIMENT 
These experiments were conducted on the Central (Greenville) Experi-
mental Farm two miles north of the Utah State Agricultural College at 
Logan in Cache Valley. The climate is temperate and semi-arid. The mean 
annual precipation of 17.38 inches occurs mostly as winter snow and in the 
spring. The summers are quite dry. The annual evaporation from a free 
water surface is ~pproximately 33 inches. The mean annual temperature is 
47.4 degrees F., with a minimum of -32 degrees and a maximum of 101 in 
Acknowl~ement8: The authors are pleased to acknowledge their indebtedness to Drs. 
J. A. Widtsoe and F. S. Harris who secured and laid out the Greenville Experimental Farm 
and who began several of the experiments here reported; to Director William Peterson, under 
whose helpful direction many of the experiments were begun, and to Director P. V. Cardon, 
under whom they were continued. They also wish to acknowledge their indebtedness to Mr. 
Fred Wadsworth who as foreman has given many years of intelligent and reliable service 
on the Farm. 
lContribution from Department of Agronomy, Utah Agricultural Experiment Station. 
Report on Project No. 9-"Rotation and Fertility Tests", begun in 1910. 
2Resigned as Agronomist September 80, 1930; now Senior Ecologist, Intermountain Forest 
and Range Experiment Station, U. S. Forest Service, Ogden, Utah. 
8 Associate Agronomist and in charge of the Greenville Experimental Farm. 
Publication authorized by Director, May 29, 1931. 
4 UTAH EXPERIMENT STATION BULLETIN No. 228 
thirty-six years. The average length of the frost-free season is 144 days. The 
precipitation at the farm for the time of the experiment and the average 
for the ten years is given in Table 1. 
TABLE 1.-PRECIPITATION AT GREENVILLE FARM DURING THE YEARS OF THE 
EXPERIMENTS. 
Year Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Total 
1920-21 ..... . 1.74 1.66 1.53 1.55 2.67 3.87 2.04 .22 .15 .40 .34 1.31 17.48 
1921-2,2 ...... .84 4.73 1.55 2.37 1.49 2.01 .75 .47 .70 1.21 .07 .53 16.72 
1922-23 ...... 1.00 2.16 2.72 .20 .83 4.57 1.71 1.39 .60' .42 1.51 2.32 19.43 
1923-24 ...... .96 1.00 .45 .83 2.50 1.09 .90 .32 .30 .00 .77 1.96 11.08 
1924-25 ...... .73 3.49 .93 1.41 2.70 1.51 1.77 2.32 .44 11.11 2.60 .57 19.58 
1925-26 . . . . . 1.77 1.44 .99 2.33 .83 1.69 2.56 .00 2.4611.43 1.&7 .43 17.80 
1926-27 2.151.12 1.62 2.26 2.46 \2.33 2.68 .47 .85 1.05 2.64 1.28 20.91 
1927-28 2.42 .60 I .86 .55 2.54 1.04 1.54 1.98 .26 .01 1 .13 1.91 13.84 
1928-29 1.59 .87 \1.87 1.20 2.142.35 .26 1.47 .281 .41 \2.23 1.76116.43 
1929-30 . . . . . .16,1 .72' 2.00'[1.99 1.6511.82 2.23 1 .23 11.95 13.02 1.95 12.86120.58 
10-yr. Averagel1.3411.7811.4511.4711.9812.2311.641 .89 1 .80 1 .90 11.41 11.49 117.38 
The soil is a uniform, deep, rich, loam, largely of limestone formation and 
quite fairly representative of the better soils of the Great Basin. 
The soil was probably first broken about 1875, but its history is not known 
in detail before 1894 except that it was probably cropped to wheat almost 
exclusively. In 1894 it was seeded to alfalfa which remained on the land 
till 1901. The Experiment Station bought the land in 1901; since that time 
there is a detailed record of every plat. It is doubtful if any manure was 
applied to the soil before 1901. Table 2 gives a complete chemical analysis 
(strong acid digestion) made in 1902 of the soil. As compared with esti-
mates of the average contents of fertile soils for nitrogen, phosphoric acid, 
and potash, it is seen that it was a good fertile soil though rather low in 
TABLE 2.-CHEMICAL COMPOSITION OF SOIL AT GREENVILLE FARM. * 
Depth in Feet 
Average 
Determination Soils from 
( % ) Various 
1 I 2 I 3 I 4 I 5 I 6 I 7. I 8 Sources 
Insoluble- I 
silica . . .. 42.18 36.51 32.15 41.65 28.72 29.64 31.14 30.75 
Potash (K2O) . 0.67 0.89 0.59 0.82 0.61 0.74 0.79 0.75 0.3 to 2.0 
Soda (Na20) . . 0.35 0.47 0.47 0.62 0.37 0.42 0.45 0.74 
Lime (CaO) .. 16.88 17.80 21.34 15.60 22.62 23.15 22.24 21.78 0.1 to-
Magnesia I 
7.48 / (MgO) .... 6.10 9.46 7.57 9.36 5.89 6.06 5.63 
Iron Oxide 
2.951 (Fe20 a) . . . . I 3.03 2.69 3.46 2.17 2.42 2.47 2.54 Alumina 
(AI20 a) .. . 5.64 
4.691 3.401 6.091 5.331 8.07 1 7.901 9.031 Phosphoric 
0.19 \ 0.12 0.060.07 0.11 0.03 to 0.11 Acid (P205) 0.41 0.29 0.34 
Carbon dioxid 
(CO2) 
' " . 19.83 23.11126.671 20.88129.311 29.57128.80128.131 Volatile .. . . . . 1 5.60 3.38 3.93 4.23 0.91 0.95 .. . . 0.24 
Total ... 1100.69 199.29 199.931100.51 199.52 1100.91 199.92 199.68 1 
Humus ·····1 0.53 1 1.00 1 0.61 1 0.47 1 1.13 1 0.60 1 0.441 0.571 0.251to 5.0 
Nitrogen .. . . . 0.14 0.12 1 0.08 0.18 0.07 0.07 0.06 0.07 0.1 to 0.3 
*From Utah Agricultural Experiment Station Bulletin 115. 
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nitrogen and quite low in organic matter. Recent analyses made by a 
method of complete digestion'" bear out these same relationships. 
TABLE 3.-YIELD OF VARIOUS CROPS (UNMANURED) ON THE GREENVILLE FARM 
AT ABOUT THE TIME OF 'PURCHASE COMPARED WITH STATE'S 
AVERAGE (ALL CROPS IRRIGATED). 
Year I ~~~ I ~h~~f I b~~:er I A~~~~a bu. acret bu. acre acre acre 
1902 ... . ... . .. 66.6 40.2 1 68.3 
1903 .......... 61.7 42.3 
I 
67.6 5.295 
1904 . . . . . .. . .. 76.2 50.4 68.4 5.736 
1905 ......... . 49.9 50.9 " , 5.929 
Average on Farm , , , 63.6 46.0 68.1 5.653 
Average of State , , , , 27.7 24.2 36.5 3.250 
Farm Yield as per 
centage of state's 
average " , . . . .. 230 1 190 187 1174 
tCorrected to normal moisture. 
• Approximate. 
Potatoes 
bushels 
acre 
258 
269 
340 
380 
312 
151 
207 
I 
Sugar-beets 
tons 
acre 
I 
4.81 
3.48 
1 
4.15 
12.25* 
33* 
The relative crop-producing power of the land at the time of purchase is 
shown in Table 3. In this table the average production on the experiment 
field of corn, spring Wheat, oats, alfalfa, potatoes, and sugar-beets for 190·2, 
1903, 1904, and 1905 is compared to the state's F\verage for those years. 
The figures for the state's average were obtained from the Yearbooks of 
the Department of Agriculture and the figures for the farm itself were 
obtained by averaging together the yields of all the unmanured plats of a 
certain crop where the yield had not been noticeably decreased by inten-
tional faulty irrigation. It must be remembered that the state's average 
yield always includes much poor land that is farmed on a narrow margin 
because it is cheap and that therefore any piece of "good" land should pro-
duce from one and a half to two times the state's average yield. It will be 
noted that the Greenville F 'arm produced approximately two and three-tenths 
t imes the average yield of corn; one and nine-tenths times the average yield 
of spring wheat and oats; one and three-fourths times the average yield of 
alfalfa; twice the average yield of potatoes; and only about one-third t he 
average yield of sugar-beets. It was "good" soil for most crops, but it was 
not "sugar-beet land". 
It has since been demonstrated that this soil will produce large cr ops of 
sugar-beets when well manured. It would be interesting to know whether 
this soil would have produced sugar -beets in its, virgin condition and has 
since been depleted by excessive cropping to wheat and subsequently alfalfa 
or whether it never did possess the necessary qualifications for a beet soil 
until manur ed; but this we can never know. ' In or der to prevent the old 
alfalfa roots from interf ering with the exper imental work in 1902, they were 
as far as possible pulled and hauled away in the early spr ing which may 
have deprived the soil of some advantage it might have had from the gr owth 
of t he alfalfa. 
YIELDS OF UNROTATED PLATS 
Permanent plats of sugar -beets and of corn, both manured and unmanured, 
as well as permanent unmanur ed plats of alfalfa wheat and oats had been 
4Thomas, M. D. " Aqueous Vapor Pressur e of Soil ," II. In Soil Science, 17 :1-1 (1924) . 
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grown previous to 1922 at the Greenville Experimental Far m. In that year 
this system of continuous cropping was so extended as to include manured 
and unmanur ed plats of sugar-beets, potatoes, alfalfa, wheat, oats, and corn. 
The acre-yields of these continuously cropped (unrotated) plats are given 
in Tables 4, 5, 6, and 7. 
TABLE 4.-AcRE-YIELDS OF WHEAT AND OATS CONTINUOUSLY CROPPED, MANURED 
AND UNMANUREID, GREENVILLE FARM, 19122-30, INCLUSIVE. 
Wheat Oats 
Year 
Unmanured I Unmanured I Manured Manured 
1922 ... ... . . ... 19.8 29.9 49.4 91.4 
1923 ... . .. . . . .. 21.1 30.3 42.0 90.6 
1924 ........... 16.3 23.7 46.1 80.7 
1925 .... ..... . . 14.1 24.2 37.1 92.2 
1926 ..... . .. . .. 15.4 25.9 46.1 94.7 
1927 ... .. . ..... 22.4 36.0 45.3 80.7 
1928 ...... . .. . 
I 
. . 54.8 83.1 
1929 . . ........ 32.9 48.3 37.1 54.4 
1930 .. . 24.1 28.5 28.8 50.2 
Avg., 1922-30 ....... 1 20.8 29.6 43.0 79.8 
The wheat was grown on land previously cropped to small-grains for 11 
years and never manured. Manuring at the rate of 5 tons to the acre began 
with the 1922 crop. By 1928, wild oats had become so bad as seriously to 
inte:ffere with crop yields. At heading time the ' wild oats and wheat were 
both cut and removed before the seed had matured and the land plowed 
early to kill the wild oats. Table 4 shows that the yield of the 1929 crop 
was higher on both the manured and the unmanured plats, due in part to 
reducing the wild oats but possibly due also in part to the part-season fallow. 
Manuring increased the average wheat yield for the nine years from 20.8 
to 29.6 bushels, which is a gain of 7.8 bushels, or 37.5 per cent. 
TABLE 5.-ACRE-YIELDS OF EAR CORN AND CORN STOVER CONTINUOUSLY CROPPED, 
MANURED AND UNMANUREID, GREENVILLE FARM, 1922-30, INCLUSIVE. 
Ear Corn (bushels) Corn Stover (tons) 
Year Manure Manure 
None I 5 Tons 115 Tons None I 5 Tons 115 Tons 
1922 ...... . . . . 54:9 72.6 90.8 I 1.81 1.98 2.67 
1923 .. .. . .. . .. 66.9 72.1 98.8 1.50 1.76 2.67 
1924 . . . . . .. . .. 50.3 78.5· 78.9 1.63 2.08 2.60 
1925 ..... . ... . 54.9 60.3 67.6 1.40 1.57 2.05 
1926 .... . .. 60.4 63.9 73.2 1.53 2.10 2.46 
1927 . ......... 39.2 69.1 67.0 1.56 2.23 
! 
2.91 
1928 . .. ... .. 58.0 71.6 79.7 1.87 2.21 3.49 
1929 .... . .. ... 50.3 52.5 I 69.8 I 1.72 1.75 2.49 1930 . . . . . . . . . 55.6 I 82.4 83.3· 1.92 2.81 2.90 
~vg. 1922-30 · .... . 1 54.5 69.2 78.8 II 1.66 2.05 2.69 
In the case of oats, the land, previously grown to a cultivated crop, at 
first had no wild oats. This weed gradually increased, especially in the 
manured plat, and is probably in part responsible for the decrease in yield. 
TWENTY YEARS OF ROTATION AND MANURING EXPERIMENTS 7 
However, manuring produced average yields for 9 years of 79.8 bushels as 
compared with 43 bushels for the unmanured, a gain of 36.8 bushels, or 81 
per cent. 
Corn was grown continuously without manure and manured at the rate 
of 5 and 15 tons per acre each year for 20 years. Table 5 shows that the 
yields of ear corn were 69.2 and 78.8 bushels for the 5- and 15-ton applica-
tions of manure as compared with 54.5 bushels for no manure. The acre-
yields of stover (plant with ears pulled) were 2.05 and 2.69 tons for the 
5- and 15-ton applications of manure and 1.66 tons for no manure. In each 
case manure increased the yield; the increase from the heavier application 
of manure was greater than from the lighter. The increases for the 5- and 
15-ton applications of manure were as follows: 
Ear corn . . ... . . . . 
Stover . . . . .... . 
5 Tons Manure 
27 per cent 
23.5 per cent 
15 Tons Manure 
44.5 per cent 
62 per cent 
The response of the vegetative parts of the corn plant was somewhat 
greater than was that of the grain. 
Table 6 gives the acr e-yields of alfalfa and of potatoes on manured and 
unmanured plats. 
TABLE 6.-ACRE-YIELDS OF ALFALFA AND POTATOES CONTiNUOUSLY CROPPED, 
MANURED AND UNMANURED, GREElNVILLE FARM, 1922-30, INCLUSIVE. 
Alfalfa (tons) Potatoes (bushels) 
Year 
Unmanured l unmanure~ 1 Manured Manured 
1922 
::: :: :::: ::: I 5.32 " . 158 193 1923 5.14 6.22 216 218 
1924 .. . . .. . . . . .. 5.10 8.59 107 214 
1925 . . ..... .. . . . 5.50 8.80 166 266 
1926 . .. . ... . ... . 6.21 10.70 95 95 
1927 ...... . . . . . . 4.46 9'.28 91 137 
1928 . . . . . ... . . . . 4.56 9.63 79 158 
1929 . . .. .. . . .. . . 3.27 7.33 293 475 
1930 . , . . . . . .. . .. I 3.72 7.39 297 487 
Avg., 1922-30 . , , · 1 4.81 8.49 II 166.9 249.2 
A vg., 1925-30 . . . . . . , l 4.62 8.86 II , 170.2 269.7 
For the entire period of the experiment, alfalfa manured at the rate of 
10 tons to the acre gave an average acre-yield of 8.49 tons in three cuttings 
as compared with 4.81 tons for three cuttings on the unmanured plat. This 
represents a gain of 3.68 tons of field-cured hay (a 74 per cent gain) for a 
10-ton application of manure. 
Since 1922 potatoes have also been grown continuously on the same area, 
unmanured and manured, at the rate of 10 tons to the acre. The manured 
plat produced an average acre-yield of 249.2 bushels as compared with 
166.9 for the unmanured. This is a gain of 82.3 bushels, or 49 per cent. 
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TABLE 7.-ACRE-YIELD OF ROOTS, PERCENTAGE OF SUGAR AND ACRE-YIELD OF 
SUGAR FROM CONTINUOUSLY CROPPED SUGAR-BEETS UNMANURED AND 
MANURED AT THE RATES OF 5, 15, AND 40 TONS OF MANURE TO 
THE ACR:E, GREIDNVILLE FARM, 1922-30, INCLUSlVE. 
Year I II 
Manured Ma~~~ed ---5--T-on-s--~---1-5-T-o-n-s--~--4-0--T-o-ns---
Acre-yield of Roots (tons to the acre) 
1918 
· . 
.... . 9.12 19.06 22.52 24.60 
1919 .. ... .. 6.06 12.97 15.92 19.67 
1920 .. . 4.98 9.99 13.18 22.87 
1921 ...... 1.09 15.34 16.97 20.69 
1922 .... . . . 5.11 14.83 16.73 23.90 
1923 .... . 8.96 20.57 23.68 27.30 
1924 .. ... 3.22 16.25 19,.40 27.34 
1925 . . .... . 7.19 25.31 30.45 30.52 
1926 5.18 23.24 25.43 28.99 
1927 .... . .. 5.69 14.74 17.19 19.01 
1928 · . . . . . . 6.38 21.15 20.26 22.65 
1929 ....... 13.98 15.80 17.90 21.69 
1930 ... . .. . 6.92 25.60 24·.76 29.79 
Avg., 1918-30 .1 6.32 II 18.06 2(}..34 24.54 
Avg., 1922-26 I 5.93 II 20.06 23.14 27.61 
Percentage of Sugar in Beets 
1923 ... .. . . 16.2 15.4 15.7 14.9 
1924 . .. . ... 15.6 14.8 
1925 ....... 16.0 181.0 15.5 13.9 
1926 ....... 15.0 14.6 15.8 14.0 
1927 .. . . ... 16.0 16.2 14.0 15.0 
1928 · . . . . . . 16.1 15.7 16.7 
I 
16.0 
1929 ...... . 16.8 14.8 15.0 14.4 
1930 . .... 17.6 17.1 16.3 15.8 
A vg., 1923-30 
.. ·1 16;.2 II 16.0 15.5 14.9 
A vg., 1923-26 .. I 15.7 II 16.0 15.4 14.3 
Acre-yield of Sugar (pounds) 
1923 ...... ·1 2902 I 6335, I 7435 8136 
1924 1003 
I 
.... I 5742 
1925 2301 9112 
I 
944() 8485 
1926 1554 6786 8036 8117 
1927 1821 I 4776 4813 5703 
1928 2050 
I 
6640 
I 
6770 7250 
1929 
"I 4697 4677 5370 6247 1930 . . 2435 8755 8072 9413 
Avg., 1923-30 . . . I 2345 II 6726 6960 7622 
A vg. z 1923-26 .1 1940 U 7411 7663 8246 
As seen in Table 7, sugar-beets were grown continuously in four plats 
since 1918 on land that since 1910 has been unmanured, and manured at 
the rates of 5, 15, and 40 tons of manure. The acre-yields of roots were 
19.72, 21.76, and 25.69 tons, respectively, for the 5, 15, and 40 tons of 
manure as compared with 6.96 tons for no manure. The increases are 12.76, 
14.80 and 18.73 tons of beets, or 183, 213, and 269 per cent, respectively. 
Since the increase in the acre-yields of sugar-beets is high and since the 
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rate of manuring varied, the returns for manure applied in light, medium, 
and heavy applications deserve attention. As compared with the acre-yields 
for no manure, each ton of manure with the 5-ton application gave 2.55 
tons of beets; with the 15-ton application, 0.99 ton of beets; and with the 
40-ton application 0.47 ton of beets. 
In the second part of Table 7, the percentages of sugar in the beets are 
shown to be 16, 15.5, and 14.9 per cent for the 5, 15, and 40 tons of manure, 
respectively, as compared with 16.2 per cent for no manure. Heavy manur-
ing seemed to depress slightly the sugar content, probably by stimulating 
the rate of vegetative growth more than it did the rate of sugar storage. 
The acre-yields of sugar in pounds were 6726, 6960; and 7622 for the 
5-, 15-, and 40-ton applications of manure as compared with 2345 for no 
manure. These figures follow the acre-yield of roots much more closely 
than they do the percentages of sugar in the beets. In other words, manure 
greatly increases the yield of beet roots and slightly depresses the sugar 
content when the application of manure is excessively heavy. 
A few rods distant were three plats grown continuously to sugar-beets 
from 1916 to 1926, inclusive, on which sugar analyses were not made until 
TABLE 8.-THE ACRE-YIELD OF SUGAR-BEm ROOTS, THE PERCENTAGE OF SUGAR IN 
THE BEETS, AND THE ACRE-YIELD OF SUGAR IN POUNDS, GREENVILLE 
F ARM. THE PLATS GROWN TO' CONTINUOUS BEETS' WERE UN-
MANURED AND MANURED AT' THE RATE OF 10 AND 30 
TONS O'F MANURE TO THE ACRE. 
Manured 
Year No Manure 
10 Tons 
Acre-yield of Sugar-beet Roots (tons) 
1916 . ... .. 1 5.76 I 9.25 
1917 .... . . . . . 1 8.96 18.&1 
1918 . . . . '.' ... / 9.12 1 23.59 
1919 .. . . .... . 6.06 1 20.77 
1920 . .. . . .... 4.98 I 17.58 
1921 .. .... . .. 1.09 11.29 
1922 .... . .... 5.38 I 20.90 
1923 . ........ 6.98 22.15 
!924 ... .. .... 4.45 17.20 
1925 .. . . . . . .. 7.70 I 23.59 
1926 . . . ...... 9.05 21.30 
Avg., 1916-26 .... . 1 6.33 1 18.74 
1923 
1924 
1925 
1926 
A vg., 1922-26 . . . .. 1 
1923 
1924 
1925 
1926 
Avg., 1922-26 . . · 1 
Percentage of Sugar in Beets 
;1.8.2 16.5 
15.7 
16.3 16.4 
14.1 16.0 
16.2 16.2 
Acre-yield of Sugar 
2542 
.. . . 
2533 
2552 
2542 
(pounds) 
7309 
5400 
7738 
6816 
6816 
30 Tons 
11.88 
20.70 
2,7.22 
22.16 
22.46 
15.56 
20.49 
26.08 
2,2.53 
23.72 
28.25 
21.91 
16.0 
14.3 
15.7 
13.9 
14.5 
8344 
6444 
7448 
7854 
7522 
10 UTAH EXPERIMENT STATION BULLETIN No. 228 
1923. In 1927, a heavy infestation of sugar-beet nematode compelled an 
abandonment of these plats for continuous sugar-beets. They were then 
seeded to alfalfa. The yield data from 1916 to 1926 and the sugar data from 
1923 to 1926 are given in Table 8. 
When the plat without manure yielded 6.33 tons of sugar-beet roots, as 
shown in Table 8, the manured plats gave acre-yields of 18.74 and 21.91 
tons of roots for 10 and 30 tons of manure applied annually. These are 
gains of 12.41 and 15.58 tons of beets for annual applications of 10 and 30 
tons of manure, respectively. For 1923 to 1926 the sugar percentages were 
16.2 and 14.5 per cent for 10 and 30 tons of manure as compared with 16.2 
per cent for no manure. The acre-yields of sugar were 2542, 6816, and 7522 
pounds for no manure, 10 tons, and 30 tons of manure, respectively. These 
yields also follow the yield of roots much more closely than they do the per-
centages of sugar in the beets. Each ton of manure produced 1.48 and 
0.55 tons of beets, respectively, for 10- and 30-ton applications of manure. 
While manure greatly increases the yields, it does not and cannot give 
any assurance of protection against nematode. It has been shown, however, 
that a good rotation does this and may even maintain the yield on infested 
land. On similiar heavily infested land, a cropping system in which other 
crops were grown for four years following beets before the land was again 
seeded to beets completely restored the yield. It was found that under 
such a condition two crops of beets should not be grown in succession. 
The results of the series of unmanured plats and of plats manured at 
different rates are summarized in Table 9. 
TABLE 9.-THE ACRE-YIELD OF SUGAR-BEET ROOTS, THE PERCENTAGE OF SUGAR, 
AND THE ACRE-YIELD OF SUGAR ON PLATS CONTINUOUSLY CROPPED TO 
SUGAR-BEETS AND MANURED AT DIFFERENT RATES, GREEN-
VILLE FARM, 1922-26, INCLUSIVE. 
Manure Applied 1 Acre-yield 1 Tons of Beets 1 Percentage 
to Each Annually of Beets for Each Ton Sugar (tons) (tons) of Manure 
0 
1 
6.73 I 16.2 5 . . . . . . . . 20.06 2.55 16.0 
10 ....... . 21.03 1.48 16.2 
15 
- I 
23.14 0.99 15.4 
30 ........ 24.21 0.55 14.5 
40 . . . . . . . . 27.61 0.47 14.3 
0 . . . . . . I 5.93 15.7 
Acre-yield 
of Sugar 
(pounds) 
2542 
7411 
6816 
7663 
7522 
8246 
1940 
The fact that this combines two experiments each, with an unmanured 
check, prevents the formation of a complete series. An examination of the 
data in Table 6, however, shows that it is probably as near to a series as 
if the plats had been immediately adjacent instead of being separated by 6 
or 8 rods. The consistent value of manure on this soil is shown by the 
repeated increases in the acre-yields of beets as the rate of manuring was 
increased. The comparative value of manure, however, is best brought out 
by studying the amount of increased acre-yield of beets for each ton of 
manure applied. The increases in acre-yield of beet roots annually were 
2.55, 1.48, 0.99, 0.55, and 0.47 tons of beets for each ton of manure with 
annual applications of 5, 10, 15, 30, and 40 tons of manure to each acre. 
The highest return for each ton of manure came with the smallest applica-
tion made. It is probable that had a still lighter application of manure 
been made, the return for each ton of manure would have been still higher. 
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These data indicate clearly and unmistakably that on soils of this general 
type, increased amounts of manure up to 40 tons to the acre, give increased 
crop yields, but that the efficiency of each ton of manure is highest with 
light applications of manure. Therefore, on farms with a limited livestock 
industry and hence with a limited amount of manure, sugar-beets will give 
greater returns by making small application as f r equently as possible. 
Where more livestock are kept and more manure is available heavier appli-
cations will give higher acre-yields. 
RESTORING LAND DEPLETED BY ~ONTINUOUS GRAIN GROWING 
Irrigation and cropping experiments which had occupied another series 
of plats came to an end with the 1921 crops. As much of this land had 
never been manured, it was extremely low in crop productivity. Still another 
series of plats had been well manured for 20 years. An opportunity, there-
fore, presented itself to compare yields on manured and on unmanured land 
. and also to undertake a series of cropping systems, to build up these de-
pleted soils, with and without the addition of farm manure. There were for 
comparison some plats long manured both in rotation and in continuous 
cropping as well as some rotations to which no manure was applied. So 
far as practicable, the new plan, begun in 1922, included a full series of 
cropping tests, so planned as to have all crops grown every year. 
One cropping system consisted of alternate wheat and beets: 
1. Without any other treatment. 
2. Green manure seeded after the wheat and turned under in late fall. 
3. Farm manure at the rate of 10 tons an acre added just before 
each second beet crop, that is, once in four years. 
4. Farm manure at the rate of 10 tons to the acre applied to the 
land just ahead of each beet crop, that is, once in two years. 
TABLE 10.-ACRE-YIELDS OF WHEAT ON LAND DEPLE1l'ED BY SMALL-GRAIN GROW-
ING WITHOUT MANURE, GREENVILLE FARM, 1922-30, INCLUSIVE. 
WHEAT WAS GROWN CONTINUOUSLY WITH AND WITHOUT MANURE 
AND ALTERNATING WITH SUGAR-BEm'S WITH NO MANURE, WITH 
GREEN MANURE AND WITH FARM MANURE APPLIED AT THE RATE OF 
10 TONS TO THE ACRE EACH 4 YEARS AND EACH 2 YEARS. EXPERI-
MENT BEGAN IN 1922. 
Continuous In Alternation with Sugar-beets 
Year No I Manured No I Green I Manure I 
Manure 
Manure Manure Manure Each Each 4 Years 2 Years 
1922 .. .. 19.8 29.9 ·25.9 22.8 28.6 23.7 
1923 . . , . 21.1 30.3 38.2 43.9 41.7 40.4 
1924 .. . . 16.3 23.7 25.0 25.5 40.0 40.0 
1925 . .. . 14.1 24.2 40.9 46.6 42.6 51.0 
1926 .. , . 15.4 25.9 
I 
50.5 42.2 31.6 36.9 
1927 . . .. 22.4 36.0 37.8 39.5 52.0 56.2 
1928 * * 41.7 47.0 63.7 
I 
62.4 .... . . . 
1929 . ... 32.9 48.3 I 36.0 53.1 45.2 54.0 1930 . . . . 24.1 28.5 39.5 45.7 48.3 51.8 
Avg., 1922-30 I 20.8 29.6 II 37.3 40.7 43.7 46.3 
*Wheat plowed out in effort to get rid of wild oats. Kept fallow for last half of season. 
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Some 3 or 4 . rods away were two plats of wheat grown on the same land 
each year, one without manure and one with 5 tons of manure each year. 
This land had likewise been in small grain for 11 years and had never been 
manured. On nearby land depleted by long cropping to continuous sugar-
beets without manure were also two plats of continuous beets without 
TABLE l1.-ACRE-YIElLD OF SUGAR-BEET ROOTS, PERCENTAGE SUGAR, AND ACRE-
YIELD OF SUGAR (POUNDS) ON LAND DEPLETED BY SMALL GRAIN-
GROWING WITHOUT MANURE, GREENVILLE FARM, 1922-30, INCLU-
SIVE. BEETS WERE GROWN IN ALTEmNATION WITH WHEAT :WITHOUT 
MANURE, WITH GREEN MANURE, AND WITH FARM MANURE APPLIED 
AT THE RATE OF 10 TONS TO' THE ACRE EACH 4 YEARS AND EACH 2 
YEARS. THE CONTINUOUS BIDETS WITH 5 TONS OF MANURE EACH 
YEAR AND WITH NO MANURE WERE GROWN IMMEDIATELY ADJACENT 
ON LAND LONG GROWN TO' SUGAR-BEETS. 
Continuous In Altenation with Wheat 
Year Manure Farm Farm No No Green Manure Manure 
Manure 5 Tons Manure Manure Each Each Yearly 4 Years 2 Years 
Acre-yield of Sugar-beet Roots (tons) 
1922 . ... 5.11 14.83 
\ 
2.42 
I 
1.86 ' 4.07 5.23 
1923 .... 8.96 20.57 2.58 5.10 10.03 10.53 
1924 ... . 3.22 16.25 1.33 1.03 2.31 10.45 
1925 .... 7.19 25.31 4.56 5.34 12.61 16.40 
1926 5.18 23.24 0.88 1.74 11.49 15.02 
1927 5.69 14.74 1.28 2.09 8.20 8.71 
1928 6.38 21.15 1.75 6.75 11.32 20.46 
1929 13.98 15.80 3.68 1.28 I 9.03 15.59 1930 6.92 25.60 2.41 4.50 15.35 15.98 
A vg., 1922-30 6.96 19.72 II 2.32 3.07 9.39 13.20 
Avg., 1925-30 5.93 20.06 II 2.41 3.62 11.33 15.36 
Percentage of Sugar in Beets 
1923 . . .. 1&.2 15.4 15.7 15.4 17.7 16.5 
1924 .... 15.6 . .. . . . . . . .. 
1925 .... 16.0 18.0 15.9 16.8 18.8 18.1 
1926 15.0 14.6 13.9 12.5 15.8 13.9 
1927 . . .. 16.0 16.2 13.9 14.1 16.5 17.0 
1928 .... 16.1 15.7 15.3 16.2 16.6 17.8 
1929 . . .. 16.8 I 14.8 17.7 16.0 17.4 I 18.6 1930 17.6 I 17.1 15.5 16.6 - 19.0 18.5 
Avg., 1923-30 16.2 16.0 II 15.4 15.4 17.4 17.2 
Avg., 1925-30 II 15.4 15.4 17.3 17.3 
Acre-yield of Sugar (pounds) 
1923 
- I 
2902 I 6335 811 954 3549 3474 
1924 .. .. 1003 
1925 2301 9112 1450 1794 4741 5937 
1926 
. . . . I 1554 6786 259 435 3665 4176 
1927 . ... 1821 4776 356 589 2706 2960 
1928 
1 
2050 6640 
II 
540 2190 3760 7280 
1929 .. . . 4697 4677 1303 410 3142 5799 
1930 2435 8755 747 1494 5833 5913 
A vg., 1923-30 I 2345 6726 II 781 1124 3919 5077 
A vg·z 1925-30 I II 776 1152 3974 5344 
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fertilizer of any sort. The yield data of the wheat crops with various 
treatments are presented in Table 10 and those for the beet crops in Table 11. 
In the case of wheat, constant cropping permitted a heavy infestation of 
wild oats. Manuring caused both the wheat and the wild oats to make a 
more vigorous growth. Removing the crop before heading time in 1928 
reduced the proportion of wild oats in 1929 and also increased the yield 
of wheat on both the manured and unmanured crops. By 1930 the wild 
oats had again increased and the yields decreased. The increase in 1929 
was probably due in part to a decrease in the wild oats and in part to the 
half-season summer fallow. Neither yield, however, was satisfactory. 
On the plats alternated with sugar-beets, yields of wheat increased about 
15 bushels; the unmanured and green-manured plats thereafter nearly 
maintained this increase. On the manured plats there was a further increase 
due to enriching the soil with manure. The green-manure treatment gave 
a fairly consistent increase of about 3 bushels as compared with no manure. 
The use of farm manure at the rate of 10 tons each four years gave a 
6-bushel increase, while a manuring once each two years gave a 9-bushel 
increase. Manure, therefore, gave increases of 3, 6, and 9 bushels to the 
acre, whereas alternating with sugar-beets from which the wild oats were 
hoed gave a 16-bushel increase, which was about twice as valuable as fairly 
good applications of manure, though good manuring increased the yields of 
wheat 8 or 9 bushels an acre whether under constant cropping or in alterna-
tion with sugar-beets. 
For sugar-beets the alternation with wheat was of no value; in fact, the 
yields of beets were less than with constant cropping. It required manure 
to get good yields of beets, which were always forthcoming when the manure 
was applied. As shown in a test already reported, it is dangerous to grow 
beets year after year due to risk of nematode infestation, but in this ex-
periment, where there was no nematode infestation, the acre-yield of beets 
was 20 tons to the acre with an annual application of 5 tons of manure. 
This plat had been manured at this rate since 1910. The yields of 5.9, 2.4, 
and 3.6 tons, respectively, for constant beets without manure, for beets 
alternated with wheat and green manure are all unsatisfactory yields. 
Manuring each second year increased the yield more quickly than did manur-
ing each fOUl,th year. It required two applications to get the yields up to 
a reasonably satisfactory point. Allowance for this is made by comparing 
the yield of the last six years with the entire 9-year period. 
Manuring increased the percentage of sugar by about 1 to 2 per cent. 
This increase, while fluctuating, was still more or less consistent. The acre-
yield of sugar followed the yield of roots rather closely as this varied more 
widely than did the percentage sugar in the beets. With the better treat-
ments, the yield of roots and the percentage of sugar were both increased. 
This combination accentuated the acre-yield of sugar. 
On part of the land formerly in constant grain without manure, a 4-year 
rotation of wheat, red clover, potatoes, and sugar-beets was begun in 1922. 
There were eight plats devoted to this study, making two full rotation 
series. To one of these series no manure was applied, while to the other 
series manure was applied to the potato crop once each four years at the 
rate of 10 tons to the acre. The yield data for wheat, clover, and potatoes 
in the series without and with manure ar,e given in Table 12. As an average 
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TABLE 12.-ACRE-YIELDS OF WHEAT, CLOVER, AND POTATOES GROWN IN A 4-YEAR 
ROTATION OF WHEAT, CLOVER, POTATOES, AND SUGAR-BIDETS ON LAND 
PREVIOUSLY DEPLETED BY MANY YEARS OF CONSTANT CROPPING TO 
SMALL GRAINS WITHOUT MANURE, GREENVILLE FARM., 1922-30, 
INCLUSIVE. IN 1922 TWO ROTATION SERIES WERE ESTABLISHED, ONE 
WITHOUT MANURE AND ONE IN WHICH THE POTATOES RECEIVED 10 
TONS OF MANURE TO THE ACRE. 
No Manure I Manured 
Year 
Wheat I Clover Ipotatoes I Wheat I Clover r otatoes (bus.) (tons) (bus.) (bus.) (tons) (bus.) 
1922 .. . ...... . 23.7 I 242 22.8 188 
1923 ... . . ... . 36.9 3.33 176 39.1 3.16 155 
1924 . 
.. ... .. . .. . 31.6 1.13 168 22.0 2.13 249 
1925 . . . . . . . . .. . 43.0 1.39 271 41.1 2.07 303 
1926 . . ...... .. . 33.4 2.54 41 46.6 4.90 139 
1927 .......... 43.9 0.94 104 
I 
55.8 2.40 218 
1928 ... . , . . . . 44.8 2.00 191 60.2 6.28 279 
1929 .. . ....... . 54.5 2.53 I 356 54.0 2.64 I 581 1930 .. . ... . . . . '42.6 0.53 365 I 46.1 1.15 483 
Avg., 1922-30 
.. ·1 39.4 1.80 213 
" 
43.1 3.09 277 
Avg., 1925-30 . . . . I 43.7 1.66 221 II 50.6 3.24 334 
for the nine years, 1922-1930, inclusive, wheat yielded 39.4 bushels in the 
series which received no manure and 43.1 bushels in the series which re-
ceived 10 tons of manure each four years. Since this land was badly de-
pleted in 1922 a little time was necessary to start recovery. The acre-yields 
during the last six years, 1925-30, inclusive, therefore, are tabulated sepa-
rately at the bottom of the table. The wheat yields for this period are 43.7 
and 50.6 bushels for the unmanured and manured series, respectively, or 
a gain of 7 bushels for the manure. Rotation alone increased the yield from 
20.8 bushels for continuous wheat (See Table 1) to 39.4 for the entire 9-year 
period and from 21.8 to 43.7 for the last six years. The acre-yield for 
wheat alternated with sugar-beets was 37.3 bushels. 
On the manured series of this 4-year rotation, the acre-yield was 43.1 
bushels for nine years and 50.6 bushels for the last six years. 
The clover yields on the series without manure were 1.81 and 1.66 tons 
·for the 9-year and the 6-year periods. On the manured series the yields 
were 72 and 105 per cent higher, being 3.09 and 3.24 tons of hay for the 
9-year and the 6-year periods, respectively. Clover gave a large increase 
for manure but not for the rotation. 
Potatoes yielded on the unmanured series 213 bushels for 9-year period 
and 221 bushels for the last 6-year period, which difference is too small to 
be . important. On the manured series the yields are 277 bushels for the nine 
years and 334 bushels for the last six years. These yields indicate im-
portant increases in the acre-yield of potatoes for the use of manure but 
not for rotation without manure. 
The acre-yield of beets, the percentage sugar, and the acre-yield of sugar 
for the sugar-beets in this rotation are shown in Table 13. The acre-yield 
of beets on the unmanured series was 3.04 tons for nine years and 2.03 tons 
for the last 6 years. Since the sugar percentage decreased slightly the 
TABLE 
Year 
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13.-ACRE-YIELDS OF BEETS, PERCENTAGE SUGAR, AND ACRE-YIELD OF 
SUGAR (POUNDS) FROM SUGAR-BEETS GROWN IN A 4-YEAR ROTATION 
OF WHEAT, OLOVER, POTATOE8, AND BEETS ON LAND PREVIOUSLY 
DEPLE1rEID BY MANY YEARS OF CONSTANT CROPPING TO SMALL 
GRAINS WITHOUT MANURE, GREENVll..LE FARM, 1922-30, INCLUSIVE. 
IN 1922 TWO ROTATION SERIES WERE ESTABLISHED, ONE WITHOUT 
MANURE AND ONE IN WHICH THE POTATO CROP RECEIVED 10 TONS 
OF MANURE TO THE ACRE. 
No M.anure I Manured Every 4th Year 
Acre-yield I Percentage I Acre-yield I Acre-yield I Per centage I Acre-yield 
Beets Suga Sugar Beets Sugar Sugar 
I (tons) r (lbs.) (tons) (lbs.) 
1922 I 
1923 
1924 
1925 
1926 
1927 I 
1928 I 1929 
1930 I 
Avg. I 1922-
1930 
Avg. I 
1925- I 
1930 I 
6.21 
6.46 15.2 
2.54 .. . 
2.79 12.3 
0.66 11.2 
2.53 16.1 
1.84 15.1 
3.53 15.0 
0.84 I 
3.04 14.2 
2.03 13.9 
4.22 
1963 6.39 16.0 2045 
7.88 .. . ... 
686 13.24 16.8 4449 
172 7.64 13.0 1986 
815 12.02 15.2 3654 
560 10.99 17.6 3870 
1059 13.95 18.4 I 5134 12.90 I 16.5 4257 
876 II 9.91 16.2 3628 
658 11.79 16.2 3891 
sugar yield also decreased when the last six years are compared with the 
9-year period. This rotation without manure did not benefit the beet crop. 
On the manured series, however, the acre-yields were 9.91 tons and 11.79 
tons for the nine years and last six years, respectively. Both sugar per-
centages were 16.2 and the sugar yield 3628 and 3891 pounds to the acre. 
Manure greatly increased the yield of sugar-beets and of sugar in this 
rotation and brought about an increase in the productivity of the plats. 
RESTORING DEPLETED LAND FORMERLY IN CONTINUOUS 
SUGAR-BEETS 
For many years previous to 1922 the land on some nearby plats had been 
seriously depleted by continuous beet growing without manure. At that 
time cropping experiments were begun to study the recovery of productivity. 
Two plats were kept in continuous sugar-beets but manured-one at the 
rate of 20 tons of manure each alternate year and the other at the rate of 
20 tons of manure each year. These plats together with two plats of con-
tinuous unmanured beets form a comparable series, with six plats on which 
beets and canning peas were grown alternately: 
(a) Without manure 
(b) With a crop of peas, beans, and grain grown after the peas 
and turned under for green manure 
(c) With 10 tons of manure applied each alternate year on the 
beets. 
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TABLE 14.-ACRID-YIELD OF SUGAR-BEET ROOTS" PERCENTAGE SUGAR, AND ACRE-
YIELDS OF SUGAR (POUNDS) ON LAND PREIVIOU LY DEPLETED BY CON-
TINUOUS SUGAR-BEElT GROWING WIITHOUT MANURE, GREENVILLE 
FARM, 1922-30, INCLUSIVE. SINCE 1922 BEETS WERE GROWN IN 
ALTERNATIO WITH PEAS WITHOUT MANURE, WITH GREEN MANURE, 
AND WITH 10 TONS OF MANURE APPLIED TO THE LAND EACH ALTER-
NATE YEAR ON THE BEIDTS. THE CONTINUOUS BEETS WITHOUT 
MANURE, WITH 20 TONS OF MANURE IN ALTERN ATE YEARS, AND 
WITH 20 TONS YEARLY WERE GROWN ON ADJACENT PLATS WHICH 
HAD THE) SAME) PREVIOUS TREATME)NT. 
In Alternation with Peas I Continuous Beets 
Year 20 Tons 20 Tons No Green 10 Tons No Manure No 
Manure Manure Manure Manure Alter- Manure Manure 
nate Yrs. Yearly 
Acre-yield of Beets (tons) 
1922 4.65 I 5.76 6.79 I' 5.11 I 
8.83 I 7.63 I 4.64 1923 9.55 6.72 12.69 8.96 11.11 21.00 8.50 
1924 4.93 
I 
6.51 13.73 I 3.22 12.11 I 13.48 3.16 1925 8.76 11.46 18.14 
I 
7.19 18.45 26.17 8.01 
1926 4.74 7.40 , 19.25 5.18 23.59 25.03 4.14 
1927 4.16 4.74 , 12.78 5.69 14.69 16.47 4.17 
1928 5.88 14.03 I 23.32 
II 
6.38 20.92 21.60 2.17 
1929 3.02 2.29 I 14.64 13.98 14.97 19.49 3.68 1930 8.31 9.46 24.53 6.92 21.13 I 24.80 3.86 
Avg. /I 1922-30 6.00 7.60 16.28 6.96 16.20 19.52 4.70 
Avg. II 1925-30 5.81 K23 18.78 7.56 18.96 22.25 4.34 
Percentage Sugar in Beets 
1923 15.7 
\ 
16.9 I 16.7 I 16.2 I 16.2 I 16.5 
, 17.2 
1924 16.0 15.9 15.5 15.6 16.7 14.9 I 
1925 15.9 15.9 
I 
17.6 16.0 , 17.1 , 16.7 I 15.2 1926 15.1 13.5 15.7 15.0 16.1 
I 
15.9 15.0 
1927 15.5 16.4 17.2 I 16.() 14.1 15.9 , 16.1 
1928 16.0 15.9 
I 
14.8 I 16.1 15.4 I ... I 
. .. 
1929 16.1 16.0 16.5 I 16.8 15.4 16.1 16.4 1930 15.5 15.2 18.5 17.6 16.5 , 17.4 16.5 
Avg. \I 1923-30 15.7 15.7 16.6 16.2 15.9 16.2 16.1 
Avg. II 1925-30 15.7 15.5 16.7 16.25 15.8 16.4 15.8 
Acre-yields of Sugar (pounds) 
1923 3000 2271 4238 2902 3618 6931 2924 
1924 1576 2070 4256 1003 4013 4017 .. . 
1925 2786 3644 6385 2301 6310 8741 .2435 
1926 1431 1998 6264 1554 1596 7960 1242 
1927 1290 1555 4396 1821 4143 5237 I 1343 1928 I 1880 4460 6900 2050 6440 I 1929 972 733 4831 4697 4611 6276 1207 ~1.9_30 __ ~_2_57_6 __ T-2_8_76 __ +-9_0_7_6~'T' _2_4~3S~+-_6~9~73~+-~8~6~30~~1274 
Avg. II 1923-30 1939 2451 5793 2345 5463 6827 1738 
Avg. II 1925-30 1856 2544 6309 2476 5012 1500 
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The sugar-beet data are given in Table 14 and the pea yields in Table 15. 
Table 14 shows the beets to have yielded 6.0, 7.6, and 16.3 tons to the 
acre on the alternate pea plats with no manure, with green manure, and 
with 10 tons of manure in alternate years, respectively. The percentages 
of sugar were 15.7, 15.5, and 16.7 per cent, while the acre-yields of sugar 
in pounds were 1939, 2451, and 5793 for no manure, green manure, and 
farm manure, respectively. As the years go by, there is no evidence of 
increasing yields on the plats receiving no manure and little evidence on 
the green manured plats, whereas on those plats receiving farm manure 
the acre-yield of beet roots increased from 16.28 to 18.78 tons and the sugar 
yield from 5793 to 6309 pounds to the acre, when the 9-year period is com-
pared with the last 6 years. There was an increase for manure from about 
6 tons of beets to about 18 tons and from about 1900 pounds of sugar to 
the acre to about 6000 pounds. 
In the right half of Table 14 are given the data from plats grown con-
tinuously to sugar-beets. Two of the plats which received no manure are 
shown separately, partly because they were on different sides of the area 
and partly to show how consistently low their yields are. One is somewhat 
lower than the other-6.96 tons as compared to 4.70 tons, but both are 
impossibly low from an economic standpoint. Two other plats equally poor 
in 1922 have been manured-one at the rate of 20 tons of manure annually 
and the other at the rate of 20 tons of manure each alternate year. The 
acre-yields of the plats increased consistently, their averages for the entire 
period being 16.2 and 19.52 tons and for the last six years 18.96 and 22.25 
tons for alternate and regular manuring, respectively. That there are no 
real differences in the sugar percentages is shown by the fact that one of 
the unmanured plats was as low as any (15.8 per cent) and the other almost 
as high as any-16.25 as compared with 16.4 the highest for a manured 
plat. The acre-yields of sugar followed closely the yields of beets, being 
2345 and 1738 pounds of sugar for the two unmanured plats as compared 
. with 5463 and 6827 pounds for the plats manured each alternate year and 
every year. The seasonal influences are so wide as to make it uncertain 
whether these manured plats are still increasing in yield. 
TABLE 15.-ACRE-YIELD OF CANNING PEAS ON LAND DEPLETED BY CONTINUOUS 
SUGAR.-BEIDr GROWING WITHOUT MANURE, GREFlliVILLE FARM, 1922-
30, INCLUSIVE. PEAs WERE GROWN IN ALTERNATION WITH SUGAR-
BEETS WITHOUT MANURE, WITH GREEN MANURE, AND WITH 10 
TONS OF MANURE APPLIED TO THE LAND EACH ALTERNATE YEAR 
ON THE SUGAR-BEET CROP. 
Year No. Manure Green Manure 10 Tons Manure in Alternate Years 
1922 ... . . . . ·1 408 422 580 
1923 777 698 1054 
1924 .. . .... . 962 1146 1330 
1925 3821 2505· 3900 
1926 ... . .. . . 3676 3465 3637 
1927 . . . . .... 3820 2900 6580 
1928 2951 2899 4585 
1929 
... : ./ 3820 4240 4240 
1930 .. . . . 3952 5639 5481 
A vg., 1922-30 
. ·1 2687 2657 3487 
A vg. 1925-30 . . . I 3673 3608 4737 
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The yields of canning peas which alternated with the beets are given in 
Table 15. The average acre-yields for the whole 9-year period were 2687, 
2657, and 3487 pounds of shelled first-grade peas for the unmanured, the 
green manured, and the alternately manured plats. The comparable yields 
from the same plats for the last six years were 3673, 3608, and 4737 pounds, 
respectively. The early variety, Alaska, was grown in 1922, 1923, and 1924. 
Thereafter, the late variety, Admiral, was grown in keeping with the change 
made by the canning factory. This change in variety combined with the 
seasons gave an increase of about 1000 pounds to the acre on the plats 
receiving no manure and green manure and 1250 pounds on the plat re-
ceiving 10 tons of farm manure in alternate years. The data do not permit 
the separation of the effects of variety and season, but they do show a 
gain of about 1100 pounds of cannning peas for the use of 10 tons of 
manure every second year. It is also possible that part of the 1250 pound 
increase of the last six years as compared with the entire period may be 
due to an accumulating effect of the farm manure, although the amount 
applied is slight, averaging only 5 tons yearly with the peas grown in 
the year when it was not applied. 
A somewhat similar soil condition located nearby prevailed for another 
rotation of six years. A cropping sequence of potatoes (2 years), peas, 
beets (2 years), and wheat bad been grown since 1911 and is still being 
continued. Since no manure of any sort was applied, this land was de-
pleted and h~s made no recovery. The acre-yields for the two beet crops are 
TABLE 16.-ACRE-YIELDS OF BEETS, PERCENTAGE SUGAR, AND ACRE-YIELD OF 
SUGAR (POUNDS) GROWN IN A 6-YEAR ROTATION FOR MANY YEARS 
WITHOUT MANURE IN THE SEQUENCE, POTATOES, POTATOES, PEAS, 
BEEn'S, BEETS, AND WHEAT, GREENVILLE FARM, 1911-30, INCLUSIVE. 
First Beet Crop in Rotation Second Beet Crop in Rotation 
Year Acre-yield Ip r ntage l Acre-yield Acre-yield I Percentage I Acre-yield Beets e ce Sugar Beets Sugar (tons) Sugar (lbs.) (tons) Sugar (lbs.) 
1911 I 6.50 I 10.49 1912 9.79 6.09 
1913 5.77 4.87 
1914 13.07 9.24 
1915 6.87 6.72 
1916 4.20 5.21 
1917 6.06 6.97 
1918 9.97 5.78 I 
1919' 6.35 I 7.12 I 1920 3.58 4.18' 
1921 0.20 0.21 
1922 3.25 5.40 
1923 2.35 15.2 713 3.14 16.2 1016 
1924 1.17 13.5 317 2.71 14.9 809 
1925 3.76 14.2 1068 6.15 15.3 1882 
1926 1.62 13.2 428 2.64 13.7 723 
1927 
I 
1.00 14.9 298 2.54 15.3 777 
1928 4.19 15.3 1280 2.03 15.1 610 
1929 4.05 17.4 1409 4.55 17.4 I 1583 
1930 I 4.70 16.3 I 1532 I 2.93 16.2 I 949 
Avg. I 
1911- 4.92 
1930 I 
15.0 881 II 4.95 15.5 1044 
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shown in Table 16 and for the potatoes, peas, and wheat in Table 17. The 
beet yields of 2.9 and 3.87 tons, with sugar percentages of 15.0 and 15.5 
and acre-yields of sugar of 881 and 1044 pounds, show how completely the 
land is exhausted. The fir st and the second-year beets are shown separ ately 
in order to compare them. After the first few years, beets after peas are 
somewhat regularly poorer than beets after beets. In 1927 the peas were 
cut for hay and yielded 2.25 tons of green hay, which is only a fair yield. 
During the last three years, canning peas have been grown and will be 
continued. The yield of 3403 pounds to the acre is slightly lower than the 
yield reported in Table 11 for peas with no manure in the alternate beet-
pea series. 
TABLE 17.-ACREl-YlELDS OF POTATOES, PEAS, AND WHEAT GROWN IN A 6-YEAR 
ROTATION FOR: MANY YEARS WITHOUT MANURE IN THE SEQUENCE, 
POTATOES, POTATOES, PEAS, SUGAR/-BEETS, SUGAR-BEETS, AND WHEAT, 
GREENVILLE FARM, 1910-30, INCLUSIVE. 
Potatoes 
Year 1st Year 
I 
2d Year 
Wheat P ea s 
(bus.) (bus.) (bus.) 
Seed Peas (bus.) 
1910 . ..... 88 78 34.3 22.1 
1911 ... . . . 186 126 39.1 
19'12 . ..... 196 172 48.0 52.3 
1913 · . . . . . 185 185 37.3 40.8 
1914 . . .... 121 61 31.6 44.8 
1915 . . ... 95 88 38.6 . .. 
1916 . . . ... 91 104 33.8 26.8 
1917 . . ... 168 161 30.3 29.9 
1918 .. .. . . 155 145 41.3 29.4 
1919 . . ... 174 176 38.2 41.3 
1920 .. . .. . 128 159 50.1 24.6 
1921 · . . . . . 82 71 41.7 27.9 
1922 . .. . .. 260 296 30.7 24.0 
1923 . ..... 246 246 42.2 37.8 
1924 ...... 142 107 14.9 29.9 
1925 
· . 155 159 43.9 29.0 
1926 96 
Pea Hay (tons) 
. . ... 77 3&.9 3.0 
1927 .... 113 121 54.9 1.5 
1928 · . . . . . 173 161 40.9 
Canning Peas (Lbs.) 
2503 
1929 . .. ... 32·6 353 35.1 2060 
1930 . . . .. . 365 324 41.3 5666 
Average I 189 160 
Seed Peas (bus.) 
38.3 32.9* 
Pea Hay (tons) 
I 
2.25 
Canning Peas (Lbs.) 
3403 
·1910-1925. 
In this rotation which included the annual legume, peas, wheat seemed 
to respond favorably to rotation and potatoes responded nearly as well; 
peas respo.nded indifferently and beets were unusually poor, the beet plats 
being among the lowest yielders. 
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The yields for the first year of potatoes ' are shown separately from those 
for the second year. They are 189 and 160 bushels, respectively. Potato 
yields, while not exceptional for the region are proportionately far better 
than the beet yields. The wheat yield of 38.3 bushels, while about 20 bushels 
to the acre less than was obtained in a good rotation with some manure 
on other crops, is much more nearly satisfactory than the beet yields and 
about in the same ratio to good yields as were the potato yields. Due to 
regional conditions, peas were represented by seed peas during the first 
16 years, with an average acre-yield of 32.9 bushels, which is a moderately 
good crop. During the next two years, the canning peas were sown, but 
as the factory was closed one year the peas were cut for hay. During 1928, 
1929, and 1930 the peas were delivered to the factory as green peas. 
ROTATIONS WITHOUT ALFALFA OR MANURE 
There was a 4-year rotation which had run for many years without 
manure, but which in 1928 was regarded as finished and, therefore, was 
discontinued. The acre-yields for 1910-28 from this series of potatoes, oats, 
ear corn, and field beans are given in Table 18. The potato yield of 149 
bushels is fair-about equal to the yields for the same years in the 6-year 
rotation reported in Table 17. The 79-bushel yield of oats is moderate, 
although fully 20 to 40 bushels less than the land is capable of growing 
under good soil treatment. The yields of 60.4 bushels of ear corn is also 
. about average, as is the field bean yield of 26.3 bushels of seed beans. The 
53-bushel bean yield of 1928 is a high but somewhat erratic yield and indi-
cates what might be obtained under satisfactory soil treatment. 
Among the unsatisfactory cropping systems, is another in which corn and 
sugar-beets are alternated without manure. Since only one plat was so 
TABLE 18.-ACRE-YIELDS OF POTATOES, OATS, CORN, AND FIELD BEANS GROWN 
IN A 4-YEAR ROTATION FOR MANY YEARS IN THE SEQUENCE NAMED, 
WITHOUT MANURE, GREElNVILLE FARM, 1910-28, INCLUSIVE. 
Year I Potatoes I Oats I Ear Corn I Field Beans (bushels) (bushels) (bushels) (bushels) 
1910 . . ....... . . . 89 j 72.5 20.8 1911 . ..... . . .... 143 71.6 67.2 39.1 1912 .. . ... ...... 122 130.1 67.8 27.5 
1913 . . . . ... . .... 168 107.0 83.9 18.0 
1914 . . . . . .. . . ... 171 80.7 72.6 32.5 
1915 .. .. . ... .... 110 94.7 61.3 . .. 
1916 . . . . ... ... . . 134 74.5 54.4 20.2 
1917 ... . . . . . .. . . 160 76.6 44.4 20.2 
1918 . ...... . .... 137 72.9 98.6 40.1 
1919 . .. .. . ... . .. 184 75.8 50.4 18.0 
1920 ........... . 158 79.9 71.1 25.0 
1921 . .. .. . .. .... 105 75.7 47.8 23.9 
1922 .... . ... .. .. 257 74.1 62.9 18.0 
1923 . . ...... . . . . 271 57.6 51.6 18.0 
1924 ........... . 126 61.8 46.9 26.4 
1925 ..... ... . . . . 147 87.3 
I 
39.5 19.8 
1926 . . . . . ....... 96 68.3 62.1 26.8 
1927 ......... . . . 112 78.2 59.5 
1928 ..... . .. . ... 137 62.6 1 44.8 53.0 
Average ..... . .. 1 149 79.0 60.4 26.3 
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TABLE 19.-ACRD-YIELDS OF EAR CORN AND SUGAR-BEWI'S GROWN ALTERNATELY 
FORl MANY YEARS ON THE SAME PLAT WITHOUT MANURE, 
GREENVILLE FARM, 1916-30, INCLUSIVE. 
I 
Sugar-Beets 
Year Crop Ear Corn Grown (bushels) Acre-yield I Percentage I Acre-yield 
J 
Beets (tons) Sugar Sugar (lbs.) 
1916 Beets I 4.84 
. . . .. . 
1917 Corn 47.5 .. . . .. 
1918 Beets .. . 4.86 .. . .. . 
1919 Corn 57.6 .. . . . . .. . 
1920 Beets 4.59 .. . .. . 
1921 Corn 30.1 · . ... 
1922 Beets 
I 
· . 
4.61 . . . 
1923 Corn 48.2 ... I 1924 Beets . .. 3.95 15.3 1210 
1925 Corn 66.8 · . ... . .. 
1926 Beets ... 2.56 14.3 732 
1927 Corn 73.0 . . . . . . 
1928 Beets · . 3.44 . . . . . . 
1929 Corn 67.8 ... 
1930 Beets . . . 4.89 17.2 1682 
I 
I I 
Average I Beets 
I 
· . 4.22* 15.6 1208 
Corn 55.8 · . . . . . . . 
*4.22 for 1916-30. 
used, these data alone are of no real importance from a statistical stand-
point; yet the yields are so consistent with several others already reported 
that they are presented in Table 19. As already noted several times, un-
manured sugar-beet yields after grain are exceptionally poor, producing 
about 4 tons to the acre. On the other hand, the corn crop of 56 bushels of 
ear corn is not at all poor. Here, as in other series, the grain crop seems 
to have been considerably benefited by an intervening cultivated crop. On 
nearby plats continuous corn without manure yielded 54.5 bushels for . the 
same period. 
ROTATIONS INCLUDING ALFALFA COMBINED WITH MANURING 
There were two series of rotations in which alfalfa was grown and to 
which moderate amounts of manure were applied. One of these was a 
7-year rotation continued for many years; the other was a 10-year rotation 
in two parts, both begun in 1922-in one case on land long grown to alfalfa 
without manure and in the other on land previously manured. 
The 7-year Rotation. A 7-year rotation, which had occupied a series of 
plats since 1912, grew crops in the following sequence: Alfalfa, 3 years; 
oats, sugar-beets, 2 years; and oats. Manure was applied twice in the seven 
years-once on each of the two sugar-beet crops at the rate of 10 tons of 
manure to the acre (which is 20 tons of manure to the acre every 7 years). 
The two beet crops are reported separately in Table 20 for 1922-30, as 
sugar tests were not made earlier. The acre-yields of beets are seen to be 
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TABLE 20.-ACRE-YIELDS OF SUGAR BEEn' ROOTS, PERCENTAGE SUGAR, AND ACRE-
YIELD OF SUGAR (POUNDS) ON LAND GROWN FOR MANY YEARS IN 
A 7-YEAR ROTATION WITH MANURE APPLIED TO THE BEET CROPS· AT 
THE RATE OF 10 TONS TO THE ACRE WITH CROPS GROWN IN THE 
SEQUENCE, OATS, ALFALFA (3 YEARS), OATS, AND SUGARi-BEETS (2 
YEARS), GREENVILLE FARM, 1922-30, INCLUSIVE. 
First-Year Beets Second-Year Beets 
Year Acre- Per- Acre- Acre- Per-
I 
Acre-
Yield Yield Yield Yield 
Beets centage Sugar Beets centage Sugar 
(tons) Sugar (lbs.) (tons) Sugar I (lbs.) 
1922 9.79 . . . 15.5·2 . . . .. 
1923 13.60 15.4 4188 21.79 16.7 7279 
1924 12.81 .. . .... 18.79 . .. 
1925 20.65 17.4 7186 22.89 16.5 7553 
1926 18.37 14.6 5364 20.17 14.7 5930 
1927 13.16 15.1 3974 20.25 16.8 68'04 
1928 13.03 16.3 4250 24.30 16.0 7780 
1929 6.67 15.6 2081 11.62 15.6 3625 
1930 14.63 16.8 4916 22.02 16.6 7311 
Average 13.63 I 15.9 I 4565 II 19.70 I 16.1 6612 
13.63 and 19.70 tons for the first- and second-year beets. The sugar per-
centages are extremly close-15.9 and 16.1-and the sugar acre-yields 
4565 and 6612 pounds, respectively. These are good yields as compared 
TABLE 21.-ACRE-YIELDS OF ALFALFA AND OATS ON LAND GROWN FOR MANY 
YEARS IN A 7-YEAR ROTATION WITH MANURE APPLIED TO EACH OF 
THE TWO SUGAR-BEET CROPS AT THE RATE OF 10 TONS TO THE ACRE 
AND WITH CROPS GROWN IN THE SEQUENCE, OATS, ALFALFA (3 
YEARS), OATS, AND SUGAR-BEETS (2 YEARS'), GREENVILLE FARM, 
1912-30, INCLUSIVE. 
Alfalfa Oats 
Year l-Year-Old 1 2-Year-Old I 3-Year-Old After Al- I After Ma-
(tons) ' (tons) I (tons) falfa (bus.) nured Sugar-beets (bus.) 
1912 4.82 
I 
5.03 4.44 
II 
112.0 123.5 
1913 4.68 4.82 3.95 98.0 116.1 
1914 5.20 I 6.76 5.20 44.6 59.5 
1915 5.34 6.57 6.76 74.9 117.5 
1916 3.62 3.56 3.70 59.3 109.5 
1917 3.73 4.84 4.28 91.4 107.1 
1918 2.12 5.51 5.78 87.8 109.9 
19'19 3.41 5.11 5.15 85.6 73.3 
1920 4.48 5.73 5.89 90.6 123.5 
1921 6.39 7.55 7.21 44.4 54.9 
1922 4.80 6.68 7.17 93.1 137.5 
1923 6.23 5.42 5.53 78.2 123.5 
1924 5.55 8.79 6.71 81.5 102.9 
1925 6.78 8.41 102.9 12'5.2 
1926 6.65 7.49 8.59 90.6 115.3 
1927 3.30 7.39 6.80 I 69.2 109.5 
1928 5.63 7.41 7.26 
II 
88.9 130.9 
1929 ·1.70 5.97 6.88 60.9 112.8 
1930 4.28 6.30 6.84 70.0 88.1 
Avg. 4.55 6.20 6.13 II 80.2 107.4 
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with any reported except those heavily manured. The yields of second-
year beets are consistently higher than those of the first-year beets. 
The acre-yields of the other crops in this rotation, alfalfa and oats, are 
given in Table 21. Alfalfa produced three cuttings each year which are 
added together to give the total annual yield. Each year there were three 
plats of alfalfa-one each 1-year-old, 2-year-old; and 3-year-old alfalfa. 
The average acre-yields of hay for the 1-, 2-, and 3-year old stands were 
4.55, 6.20, and 6.13 tons of hay, respectively. The yield of the 2-year-old 
alfalfa is distinctly higher than that of the 1-year-old stand. The 3-year-old 
alfalfa yielded about the same as did the 2-year-old. 
Oat yields after alfalfa averaged 80.2 bushels, while those after sugar-
beets averaged 107.4 bushels. It should be remembered that the two beet 
crops which came just ahead of the high oat yield were the crops to which 
manure was applied. The difference between 80.2 and 107.4 bushels of oats 
to the acre is accounted for in part by the cultivated crop and in part by 
the residual effects of the manure applied to the two beet crops. Unfortu-
nately, the data do not make it possible to say how much of this effect is 
due to manure and how much to the fact that the oats followed a cultivated 
crop. Wheat has already been shown to respond abundantly after un-
manured beets and the same was noted for corn. Only in this rotation, how-
ever, does grain follow alfalfa, with the 80.2 bushel-acre-yield for oats. 
The 10-Year Rotation. In the 10-year rotation the crops came in the 
following sequence: Alfalfa 5 years; potatoes, sugar-beets, canning peas, 
sugar-beets, and wheat with which the alfalfa was seeded. In the same 
field as that in which the rotation series already reported were grown, 
there were two full courses of this rotation grown on 20 plats which, pre-
vious to 1922, had been grown for many years to continuous alfalfa without 
manure. This rotation was begun by removing alfalfa from the plats re-
quired for other crops, after which one plat of old alfalfa was broken out 
each year and one of new alfalfa seeded down with the wheat crop. The 
sugar-beet plats in these. two rotations were irrigated during the season-
. one at the rate of 15 inches and the other at the rate of 20 inches of water. 
Immediately across the road from these plats was another field in which 
sugar-beets and potatoes had been grown alternately for 20 years, with 
the land manured each year. In 1922 this long-manured land was also put 
into the 10-year rotation. All the alfalfa was new the first year, after 
which one of the five plats was broken out and a new one seeded along 
with wheat each year. 
With both pieces of land three 10-ton applications of manure were given 
during the ten years that it took for a given crop to occupy all ten of the 
plats. Since all the crops were grown each year, three plats (the potato 
and the two sugar-beet plats) each received manure at the rate of 10 tons 
to the acre. On the long-manured land there were four replications of the 
rotation series, comprising in all 40 plats. Some crops were irrigated at 
different rates, for the present study only those receiving such irrigation 
as to make them comparable with the series on the unmanured land are 
considered. There were always at least dup~icate plats and sometimes, 
especially on alfalfa, four to eight plats with the same treatment to be 
averaged. 
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The sugar-beet data are presented in Table 22, in which the data from 
previously manured plats are separated from those of the unmanured. In 
the previously unmanured series, the data for two rates of irrigation for 
TABLE 22.-ACRE-YIELDS 'OF SUGAR-BEEn' R'OOTS, PERCENTAGE SUGAR, AND ACRE-
YIELDS 'OF SUGAR (P'OUNDS) 'ON LAND PART 'OF WHICH WAS C'ON-
TINU'OUSLY CR'OPPED T'O ALFALFA FOR MANY YEARS WITHOUT MA-
NURE AND PART 'OF WHICH PREVIOUS TO 1922 HAD FOR MANY YEARS 
B.IDEN ALTERNATELY CR'OPPED TO SUGAR-BEETS AND POTAT'OES AND 
MANURED EVERY YEAR AT 'I'HE RATE 'OF 10 T'ONS T'O THE ACRE, 
GREENVILLE FARM, 1922-30, INCLUSIVE. SINCE 1922 THE BEETS 
HAVE BEEN GROWN IN A 10-YEAR ROO'ATION IN THE SEQUENCE, 
WHEAT, ALFALFA (5 YEARS), POTATOES, SUGAR-BEETS, CANNING 
PEAS, AND SUGAR-BEETS. 
Land Previously Unmanured 
Land Long 
Year 15-Inch Irrigation 20-Inch Irrigation 
Ma.nured 
After I After After I After After " After 
Potatoes Peas Potatoes Peas Potatoes Peas 
I 
Acre-Yield of Sugar-Beet Roots (tons) 
1922 
. . ' 1 
8.66 
1 
4.56 I 12.00 1 5.15 II 18.23 I 19.86 1923 . . . 16.04 9.59 19.57 15.68 24.85 24.79 1924 . . . 11.93 16.58 15.81 18.71 10.19 10.09 
1925 . . . 22.39 21.06 22.40 24.77 21.65 18.94 
1926 . .. 13.00 18.79 15.75 25.64 25.94 23.13 
1927 .. . 14.55 13.95 12.61 15.12 18.56 18.34 
1928 .. . 11.56 16.77 13.97 21.17 23.01 25.88 
1929 .. . 9.29 11.09 I 10.47 12.20 12.51 14.23 1930 ... 18.08 24.07 17.51 17.43 25.66 30.15 
Avg., 1922-301 13.94 15.16 II 15.60 I 17.31 II 20.01 20.60 
A vg., 1925-301 14.81 17.62 II 15.45 I 18.89 II 21.22 21.78 
Percentage of Sugar in Beets 
1923 · . 13.9 
I 
13.9 14.2 16.4 
1924 ... 13.4 13.8 13.4 13.8 14.6 15.1 
1925 .. . 15.1 16.6 14.8 16.7 15.9 16.4 
1926 ... 13.2 13.6 15.0 14.5 14.9 16.5 
1927 
· . 
15.3 "16.4 . 15.1 17.3 14.8 16.9 
1928 .. . 14.9 18.2 15.7 15.1 14.7 15.4 
1929 .. . 14.8 14.7 16.8 14.7 16.6 14.3 
1930 . . . 15.8 ... 14.6 16.9 . .. 
Avg., 1923-301 14.5 I 15.3 II 15.1 15.6 II 15.1 15.9 
Avg., 1925-301 14.8 I 15.9 II 15.3 15.9 II 15.4 15.9 
Acre-Yield of Sugar (pounds) 
1923 .. 4438 2667 7051 8113 
1924 ... 3196 4575 4237 5164 2975 3047 
1925 6760 6990 6630 82,73 6880 6212 
1926 ... 3430 5110 4725 7436 7730 7630 
1927 ... 4452 4576 3808 5232 5494 I 6200 1928 · . 3470 6100 4390 6390 6760 7970 
1929 2750 3587 3518 3587 4153 I 4070 
Avg., 1923-29 1 4276 4800 II 4632 5996 II 5863 6177 
Avg., 1925-291 4429 5273 II 4697 6135 II 6203 6418 
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the sugar-beets are also separated. The two beet crops occupied somewhat 
different places in the cropping sequence, the first crop succeeding potatoes 
which were preceded by alfalfa and the second beet crop succeeding canning 
peas which followed the first beet crop. 
A study of the yields of beets show that there is a difference of 3 to 7 
tons in favor of the previously manured land. A smaller difference of 
about a ton is noted in favor of the 20-inch total irrigation as compared 
with the 15-inch total irrigation. This difference increased to nearly 1.5 .or 
2 tons during the last six years of the experiment, that is, after the rota-
tion and manuring had improved the soil somewhat. It is clear also that 
the second beet crop out yielded the first by about 2 to 3 tons to the acre, 
probably due largely to the additional manuring which preceded it rather 
closely. Sometimes, too, the yield of beets is increased by being far enough 
from a preceding alfalfa crop to have the larger roots so completely de-
composed as not to pull out young beets during cultivation or thinning. 
In each case the sugar percentage was slightly higher for the second 
beet crop. It would be difficult to prove that this was a statistically re-
liable difference, but there are many indications that moderate manuring 
and a fine mellow seedbed improve beets somewhat in this respect. The 
acre-yields of sugar are in almost exactly the same ratio as are the yields 
of beet roots, except that the difference between the first and second beet 
crops in the rotation is somewhat greater, this being especially noticeable 
on the previously unmanured land and more noticeable during the last six 
years of the experiment. Since the sugar determinations were not made in 
1922, the sugar percentages are omitted, but the beet yields are included. 
The data for the other crops in the rotation-wheat, alfalfa, potatoes, 
and canning peas-are summarized in Tables 23 and 24. The data are 
separated to show the previous land treatments. Since the yields of new 
alfalfa are low, these were omitted in calculating the averages. The yield 
TABLE 23.-AVERAGE ACRE-YIELDS OF ALFALFA HAY IN 10-YEAR R()TATION (SEE 
ALSO TABLE 24) ON TWO TO FIVE REPLICATE PLATS OF DIFFERENT 
AGES (GREENVILLE FARM), DURING 5 YEARS, 1926-30, INCLUSIVE, 
GROWN IN ONE FIELD ON LAND UNMANUREID BEFORE 1922 AND IN 
ANOTHER FIELD ON LAND MANURED FOR 20 YEARS BEFORE 1922. 
Age of the Alfalfa (tons to the acre) 
Year 
1 Year 2 Years 3 Years I 4 Years 
Field G-Unmanured Previous to 1922 
1926 . ... 5.42 6.14 1 7.04 1 6.65 I 
1927 . . . . 2.36 5.76 5.21 I 4.93 I 1928 .... 4.92 5.72 5.77 5.04 1929 .. . . 2.18 6.29 6.64 I 5.93 1930 . . . 1.84 I 5.34 7.01 5,.93 1 
Average ... . 1 3.34 5.85 6.33 5.70 
1926 
1927 
1928 
1929 
1930 
Average 
Field F-Manured for 20 Years Previous to 1922 
· . . . 1 4.56 I 7.51 I 8.69 I 9.27 I 
· . . . 2.07 6.73 6.45, 7.38 
· . . . 5.49 1 5.43 6.57 I 7.05 1 
. . 1 2.53 5.93 6.07 6.35 
. 1 1.43 5.38 6.85 I 6.30 
· ... 1 3.22 6.20 6.93 I 7.27 
5 Years 
6.58 
4.61 
4.89 
5.05 
4.83 
5.19 
9.29 
7.44 
7.00 
6.07 
6.99 
7.36 
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of alfalfa hay includes for each year three cuttings. All alfalfa yields in 
this series are highly satisfactory, being from 6 to 7 tons, and about 1.25 
tons higher on the previously unmanured land. Some data on how long 
alfalfa maintains its yields are shown in Table 23. 
TABLE 24.-ACRE-YIELDS OF WHEAT, ALFALFA, POTATOElS, AND CANNING PEAS 
ON LAND PART OF WHICH PREVIOUS TO 1922 WAS GROWN CONTINU-
OUSLY TO ALFALFA WITHOUT MANURE AND PART OF WHICH WAS 
FOR 20 YEARS GROWN ALTERNATELY TO POTATOES AND SUGAR-BEETS 
AND MANUREID, GREENVILLE FARM, 1922-30, INCLUSIVE. IN 1922 
BOTH AREAS WERE PUT IN A 10-YEAR ROTATION CROPPED IN THE 
SEQUENCE, WHEAT, ALFALFA (5 YEARS), POTATOES, SUGAR-BEmS, 
CANNING PEAS, AND SUGAR-BEETS. MANURE AT THE RATE OF 10 
TONS TO THE' ACRE WAS APPLIED IN THREE OF THE TEN YEARS TO 
POTATOES AND TO TH:E TWO SUGAR-BEET CROPS. 
Year 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
Avg"1 1922-
1930 
Avg" 1 1925-
1930 
Previously Not Manured 
I I pota- I Peas Wheat Alfalfa toes (bus.) (tons) (bus.) (bus.) 
48.4 ... 300 
I 
784 
62.6 6.80 312 949 
51.5 8.51 174 1106 
64.4 6.52 330 
I 
5336 
60.0 6.62 237 3399 
78.6 4.77 120 (1) 
60.2 4.96 271 I 2029 
62.5 5.97 455 I 2095 49.8 I 5.78 495 6785 
59.8 6.24 299* 2810 
5.77 318 3929 
·249 bushels with 1929 and 1980 omitted. 
Previously Long Manured 
Wheat I Alfalfa I Pota- ' Peas toes I (bus.) (tons) (bus.) (bus.) 
40.9 I 250 1406 75.0 7.49 311 4188 
37.3 8.58 162 2388 
62.7 8.42 313 4551 
52.5 8.60 132 3663 
70.8 8.13 225 (1) 
66.9 6.25 397 2325 
58.0 6.11 2343 
I 52.9 6.38 . .. 6925 
II 57.4 7.50 241 3474 
II 7.32 267 3961 
(1) Since the pea factory did not run in 1927, the peas were cut for. hay and the green 
weight taken. They were 8.62 and 8.47 tons, respectively, for the previously unmanured and 
man ured _ areas. 
Potato yields were all approximately 250 bushels, which is fair but not 
partiCUlarly good for Cache Valley. The soil, however, is rather too com-
pact for the highest yields of potatoes. During 1929 and 1930, potatoes 
were replaced with silage corn on the previously manured land. It happened 
that potato yields were nearly twice as high during these last two years 
as for the average of the period. This disturbs the comparison between 
the two different fields; the disturbance, however, is overcome by including 
the average with the omission of these two years (1929, 1930). When this 
is done potato yields are found to be the same-241 and 249 bushels. This 
is not surprising in view of the fact that a preceding crop of alfalfa has a 
beneficial effect on potatoes. In fact, the crop sequence in the rotation was 
arranged to take advantage of this. Corn is also particularly benefited 
when it comes immediately after alfalfa; for this reason it replaced potatoes 
on one field. 
The fact that wheat yields were as good or slightly better on the previ-
ously unmanured field is not surprising as an abundance of organic matter 
encourages lodging. Wheat . has also been shown to respond particularly 
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well to a good rotation. The acre-yields of 59.8 and 57.4 bushels are prob-
ably not significantly different, and both are high enough to be satisfactory. 
Canning pea yields present the difficulty of having changed varieties 
after 1924 and of being harvested for hay in 1927 due to failure of the 
canning factory to operate that season. Since these variations occurred 
uniformly on all plats, it probably did not seriously interfere with the data. 
At first the yields were extremely low on the field not manured prior to 
beginning the rotation. If only the last six years (5 crops) are considered, 
the yields of peas were identical on the two fields, with about 3950 pounds 
of first-grade, shelled canning peas to the acre. 
ALL CROPPING SYSTEMS COMPARED 
In Table 25 are summarized the yields of the different crops grown in 
the various cropping systems. Continuous cropping is designated by O. 
The various cropping systems ("rotations") under which crops are grown 
are numbered consecutively 1 to 8. 
Under continuous cropping, annual applications of manure at the rate of 
15 tons to the acre increased the acre:.yield of sugar-beets from 5.93 tons 
to 21.76 tons. For the other crops · manure was applied at the rate of 10 
tons to the acre, save for wheat and oats which received only 5 tons. Wheat, 
oats, potatoes, corn, and alfalfa all gave increases of 45 to 95 per cent for 
the use of manure as compared with nearly 300 per cent for sugar-beets. 
Wheat was found to respond strongly to any sort of cropping system in 
which there was a cultivated crop. Manure added a few bushels but always 
less than did the introduction of a rotation system. In Rotation 8, the 
combination of alfalfa and manure increased the acre-yields almost to 60 
bushels. The fact that the yield was even slightly smaller on land previ-
ously long manured makes clear that the cropping system is the more im-
portant in these high yields. 
In the case of sugar-beets almost the opposite condition is displayed. 
Either continuous cropping or rotations without manure gave extremely 
low yields. Manuring caused the yields to mount high. When no manure 
was used the acre-yields of beets were from 2 to 6 tons. Manure at the 
rate of 15 tons annually increased the acre-yield to 21.76 tons. In ten years, 
150 tons of manure were used on each acre. To be compared with this is 
Cropping System 8. On the land that was previously long manured before 
1922 when this rotation was begun, the acre-yield of beets was 20.3 tons, 
as will be seen by referring to Table 22. Three applications, each of 
10 tons of manure are made during the 10 years of this rotation. Part of 
the .20.3-ton yield is probably due to manuring previous to 1922. On the land 
unmanured previous to 1922, the land is not yet built up to its capacity as 
one entire cycle of the rotation is not yet complete. The average of the acre-
yields on the previously manured and the previously umnanured fields is 
approximately 18 tons. In 10 years, therefore, a total of 30 tons of manure 
when added to a rotation of alfalfa, potatoes, beets, peas, and wheat in-
creased the yield of sugar-beets from 6 to 18 tons. While rotations without 
manure were not effective in increasing beet yields, rotations, including 
alfalfa to which small quantities of manure were added; were highly effective 
in producing high yields. In such a combination the cropping system is 
TABLE 25.- SUMMARY OF THE ACRE-YIELDS OF THE DIFFERIDNT CROPS GROWN IN VARIOUS CROPPING SYSTEMS (ROO'ATIONS) WITH 
OR WITHOUT MANURE COMPARED WITH THE SAME CROP GROWN CONTINUOUSLY WITH AND WITHOUT MANURE, GREEN- I:\:) 
VILLE FARM. 00 
O. Continuous cropping 
No manure ...... . .... . . ... . ... 
Manure . .............. .. . .... 
(Tables 4, 5, 6, 7) 
1. Wheat, beets, depleted-
No manure ,."""". ", .. ". , 
Gr een manur e 
Manure . ... .. .. , " ....... .. .. . ' 
(Tables 10, 11) 
2. Peas, beets , depleted-
No manure ..... .. ... , . ......... 
Green manure 
Manure ... . . . . . . . 
(Tables 14, 15) 
3. 4-yr. wheat, clover, potatoes, beets-
No manure . . .. , , .. ...... . , ... . . 
Manure .. ....... . ...... . . .. 
(Tables 12, 13) 
4. 6-yr. beets, potatoes, wheat, peas-
No manure .......... . .... 
(Tables 16, 17) 
5. 4-yr. potatoes, oats, corn, beans-
No manure .. , .. ... . . . ... . .. . . .. 
(Table 18) 
6. Alternate cor n , beets-
No manure . .............. . . . . 
(Table 19) 
7. 7-yr. alfalfa, oats, beets-
Manure ... . .. . ....... . ....... . 
(Tables 20, 21) 
8. 10-yr. alfalfa, potatoes, beets, peas, 
wheat- manure . ..... . .. ... . . 
Land previously unmanured 
Land previously long manured ... . 
(Tables 22, 24) 
I Wheat I Beets I Potatoes I Peas I Beans I Corn ', Oats I Alfalfa I Clover (bus.) (tons) (bus.) (lbs.) (bus.) (bus.) (bus.) (tons) (tons) 
I I 20.8 I 5.93 167 .. . . . ' , 54.5 43.0 4.81 " . 
29.6 21.76 249 .. .. ' . , 78.8 79.8 8.49 " , 
37.3 I 2.32 ' .. ... . . .. . . . . . . . . . . . . 
40.7 I 3.07 " . . . . . . . . . . . .. , .. . .. 
46.3 13.20 . . . . . . . . . . . . . ., . . . . ., . 
.. . 5.81 . . . 2687 . .. .. . , . . . . . . . 
.. . 8.23 2657 ... . .. . . . . . . . .. 
18.78 . . 3487 .. , I . .. I , . . I .. , . . . 
I 39.4 2.03 213 '" . . .. , .. . .. 1.80 43.1 11.79 277 . ... . . . . . . . .. . .. 3.09 
I I 38.3 4.94 175 I . .. . I 
. , . . . . . . .. 
I I . , . . . 149 , . I 26.3 60.4 79.0 I . .. . . . I I I I \ . .. 4.22 
I 
55.8 
1 
. .. . . . . .. 
I I I 1 
1
16
.
66 . . . . .. . . . . I 93.7 6.13 1 . . 
I I I 
I 
6.24 I I 
1 
59.8 
1
15
.
50 249 2810 . .. . . . .. 
7.50 I 57.4 I 20.30 241 3474 I " . . .. . .. 
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worth at least half the manure. Moreover, such a rotation protects beets 
against sugar-beet nematode. 
Potato yields were increased both by manure and by rotation. This crop 
was not included in enough cropping systems to permit as complete an 
analysis as was possible for sugar-beets. 
Corn responded both to rotation and manure. Oats also responded to both 
but was more sensitive to rotation. Clover and alfalfa likewise both nearly 
doubled their yields in response to 10-ton applications of manure. Unfortu-
nately, there were no cropping systems in which alfalfa was grown without 
manure. Provision is now being made to add such a cropping system to the 
farm. 
In Table 23 'are presented the comparative yields of alfalfa hay from 
plats 1 year to 5 years of age, on land unmanured previous to 1922 and on 
land manured for 20 years previous to 1922. The alfalfa was grown in 
Rotation 8, as shown in Table 24. 
The alfalfa was seeded with wheat and no hay was cut that season. The 
next year it was grown for hay and was said to be 1 year old. The acre-
yields were erratic during this first year, but were average during the 
second, third, fourth, and fifth years. On land not manured before 1922 
when the rotation was begun, ' maximum yields were highest during the 
third year and decreased in the fourth year and again in the fifth. On the 
field long manured before 1922, the yields increased up to the fifth year 
but little after the third year. 
The season 1926 was unusually long, the spring being very early and the 
fall late. The high acre-yield of alfalfa on the experimental farm is to be 
accounted for in part due to this cause. The alfalfa plats were adequately 
but not wastefully irrigated throughout the season. Many farmers obtained 
low yields in 1926 due to a general scarcity of irrigation water in that year. 
SUMMARY 
These experiments were conducted on the Greenville Experimental Farm 
two miles north of the Utah State Agricultural College, Logan, Utah. Some 
of the experiments were begun more than 20 years ago and others at various 
times between that time and 1922, when several additional cropping systems 
(rotations) were made possible, due to the completion of some other experi-
ments. 
The soil is a perfectly drained, deep, productive silt loam, typical of much 
of the best farming land in northern and central Utah. The rainfall is 
approximately 17 inches. The farm was adequately irrigated during the 
years of the experiment. 
Plats grown continuously to six of the major crops with and without 
manure for the period 1922 to 1930, inclusive, gave acre-yields as follows, 
with the unmanured yield first: Wheat, 20.8 and 29.6 bushels; oats, 43.0 
and 79.8 bushels; ear corn, 54.5 and 78.8 bushels; alfalfa hay, 4.81 and 8.49 
tons; potatoes, 167 and 249 bushels. Sugar-beets formed two series with 
varying applications of manure. The first series received 0, 5 tons, 15 tons, 
and 40 tons of manure to the acre, the yields of which were 6.96, 19.72, 21.76, 
and 25.69 tons to the acre. Another series with 0, 10, and 30 tons of manure 
to the acre gave acre-yields from 1916 to 1926, inclusive, of 6.33, 18.74, and 
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21.91 tons of beets, respectively. In 1926 sugar-beet nematode infested 
these plats and the growing of sugar-beets was discontinued. 
When manure was applied to sugar-beets at the rate of 5, 10, 15, 30, and 
40 tons to the acre, each ton of manure applied gave 2.55, 1.48, 0.99, 0.55, 
and 0.47 tons of beets, respectively. This shows that frequent light applica-
tions give greater returns than less frequent heavy applications. 
Two parts of the farm were seriously depleted. On this land three re-
covery experiments were begun in 1922. In one case wheat and beets were 
alternated without manure, with green manure, with a light application of 
farm manure every fourth year, and a similar application every second year. 
The alternation of beets increased the wheat yield from 20 to 37 bushels 
an acre. 
Green manure gave 40.7 and manurings 43.7 and 46.3 bushels an acre. 
The beets gave no increase for alternation with wheat. 
On another series of depleted plats peas and beets were alternated with 
the same treatments as for wheat and beets. The pea yields increased· from 
2687 to 3487 pounds of green peas to the acre for a light application of 
farm manure; green manure gave no increase. There was no plat of con-
tinuous peas for comparison. The beets gave 6.0, 7.6 a'nd 16.28 tons of beets 
for no manure, green manure, and farm manure in comparison with 6.96 
and 4.7 tons from two unmanured plats grown continuously to beets. 
On depleted land, a 4-year rotation of wheat, clover, potatoes, and sugar-
beets was also grown without manure and with manure once in 4 years. 
Wheat yields increased from 20.8 to 39.4 bushels due to rotation and to 43.1 
bushels with the added manuring. Potato yields were 167, 213 and 277 
bushels for no rotation, rotation, and rotation with manure once in four years. 
Beet yields were 6.96, 3.04, and 9.91 tons to the acre for no rotation, rota-
tion, and rotation with manure once in four years. 
A 6-year rotation of potatoes 2 years; peas; beets 2 years; and wheat 
without manure gave 4.92 and 4.95 tons of beets, 189 and 160 bushels of 
potatoes, 32.9 bushels of seed peas, and 38.3 bushels of wheat. 
A 4-year rotation without manure gave the following acre-yields: Pota-
toes, 149 bushels; oats, 79 bushels; ear corn, 60.4 bushels; and field beans, 
26.3 bushels. 
Alternate Gorn and sugar-beets without manure gave acre-yields of 55.8 
bushels of ear corn and 4.22 tons of beets. 
A 7-year rotation of alfalfa 3 years, oats, - sugar-beets 2 years, and oats 
with two years of beets manured at the rate of 10 tons to the acre gave 
acre-yields as follows: 
Alfalfa 
1-year-old 
2-year-old 
3-year-old 
Sugar-beets 
1st year . .... . .......... . .. .. ... . . ..... . . . . ...... . 
2d year .... . . .... .. .. .. . .. . ........... . ....... . . . 
Oats 
After alfalfa and before beets .... . . . ... . . .. . . ... . . . 
After two years manured beets ......... . . ... .. .. .. . 
Yield 
4.55 tons 
6.20 tons 
6.13 tons 
13.63 tons 
19'.70 tons 
80.2 bushels 
107.4 bushels 
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A 10-year rotation of alfalfa 5 years, potatoes, sugar-beets, peas, sugar-
beets, and wheat were grown on land unmanured before 1922 when the 
rotation started and on land manured for 20 years before 1922. The acre-
yields were as follows: 
Crop 
Alfalfa (3, 4, and 5 years old) ....... . 
Potatoes ...... . ...... . . .. ........... . 
Peas (canning, shelled) .. . ..... .. .. .. . 
Sugar-beets 
Previously 
Unmanured 
6.24 tons 
249 bushels 
2810 Ibs. 
After potatoes ............ . . . . . . . 14.78 tons 
Mter peas ....... . . . ... . . . .... . " 16.33 tons 
Previously 
Manured 
7.50 tons 
241 bushels 
3961 lbs. 
20.01 tons 
20.60 tons 
In this rotation 10 tons of manure were applied three times in 10 years 
to the potatoes and to the two beet crops. The alfalfa, peas, and wheat did 
not receive any manure directly. 
All acre-yields are summarized in Table 25. 
The yields of alfalfa when it was one, two, three, four, and five years old 
showed that on land scantily manured it reached its maximum yield in the 
third year and then decreased a half ton in the fourth year and another 
half ton in the fifth year. On land long and well manured it was as good in 
the fourth and fifth years as in the third. 
(College Series No. 319) 
GENERAL CONCLUSIONS 
1. It was found possible to maintain or to build up a high state of 
productivity in this soil by the use of farmyard manure and a good 
cropping system. 
2. Manure was most effective on sugar-beets. In fact, sugar-beets 
were not grown successfully without manure. 
3. Manure was also effective on alfalfa, potatoes, and corn but less 
effective on the small grains where it usually caused lodging. 
4. Frequent moderate applications of manure were much more 
effective than the same quantity of manure used as occasional heavy 
applications. 
5. Almost any rotation system was beneficial to the small grains. 
Rotation was nearly as essential to the small grains as was manure to 
the sugar-beets. 
6. Sequence in the cropping order was also important for potatoes, 
for alfalfa, and for corn and was essential for sugar-beets on nematode 
infested land. 
7. Sugar-beets after small grains did not do as well the first year 
as when potatoes or peas came between the small grain and the beets. 
8. Where properly manured and where there was no nematode in-
festation, sugar-beets following sugar-beets for two or three years 
in succession were better than when following other crops. 
9. Alfalfa hay yields usually began to decrease when the stand was 
four or five years old except on land long and heavily manured. 
10. A rotation system, including alfalfa and cultivated crops and 
with moderately heavy manuring, was the most successful in main-
taining a high yield of all of the crops studied. 
